Introduction
============

Hepatitis B reactivation is the reappearance or rise of hepatitis B virus (HBV) DNA in the serum of patients with past or chronic HBV infection. Reactivation can occur in a variety of clinical settings, usually in the context of an immunosuppressed state or immunosuppressive therapy. HBV reactivation has been most commonly reported in patients receiving chemotherapy for hematologic malignancies and following hematopoietic stem cell transplants.^[@b1-1040435]^ An estimated 2 billion people worldwide have serological evidence of either past or present HBV infection, with around 240 million people chronically infected.^[@b2-1040435]^ The prevalence varies globally, ranging between 2% in Europe to over 10% in East Asia; in the UK it is estimated to be between 0.5-1.7%, with areas of greater ethnic diversity such as London having a higher prevalence of approximately 2.4%.^[@b2-1040435],[@b3-1040435]^ Therefore, there is a clear potential for HBV reactivation to cause significant morbidity, and even mortality, if not appropriately diagnosed and managed.

Management of HBV in general is undergoing a paradigm shift. Recently up-dated clinical practice guidelines from the European Association for the Study of the Liver (EASL) have redefined the natural history of chronic HBV, driven by a better understanding of the interactions between the virus and the host immune system.^[@b4-1040435]^ From a therapeutic point of view, existing agents effectively suppress virus replication and lower serum HBV DNA concentrations, but the goal now is to develop novel agents that can offer functional cure of HBV.^[@b5-1040435],[@b6-1040435]^ This is defined as the loss of hepatitis B surface antigen (HBsAg), the hallmark of chronic infection. Complete sterilizing cure is not considered possible due to the persistence of HBV DNA within hepatocytes. However, if functional cure becomes a realistic treatment end point, the number of patients with resolved HBV infection but who remain at risk of reactivation may increase significantly.

Previous guidelines have been heterogeneous in their recommendations for the assessment of HBV reactivation, especially with regards to patient selection for testing and choice of antiviral prophylaxis. In this review, we aim to provide a practical overview of HBV reactivation at a time when the management of HBV is changing and the therapeutic options are expanding for patients with hematologic disorders, who are at the highest risk of this potentially life-threatening complication.

Hepatitis B virus reactivation and clinical presentation
========================================================

Chronic HBV infection is defined by the presence of HBsAg in serum with variable HBV DNA levels depending on the balance between HBV replication and immune control.^[@b7-1040435]^ Up-dated nomenclature regarding the phases of HBV infection reflect this and broadly classify patients into hepatitis B e antigen (HBeAg) positive or negative, and whether or not there is evidence of a chronic hepatitis ([Table 1](#t1-1040435){ref-type="table"}).^[@b4-1040435]^ Those with resolved HBV infection are HBsAg negative and have circulating anti-core antibody (anti-HBc), and often anti-surface antibody (anti-HBs). Although such patients are considered to have past HBV infection, HBV DNA persists within the liver in the form of highly stable covalently closed circular DNA (cccDNA) and integrated DNA.^[@b8-1040435]^ Active replication is controlled by both innate and adaptive immune responses, including HBV-specific T-cell responses and neutralizing antibodies produced by activated B cells. However, these responses are not sufficient to eradicate all latent forms of HBV DNA and a reservoir of persistent HBV exists. With immunosuppression due to any cause, immune-mediated control of HBV replication is lost and reactivation can occur.^[@b9-1040435]^
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Up-dated nomenclature for natural history phases of chronic hepatitis B virus (HBV) infection, adapted from the 2017 EASL Clinical Practice Guidelines.
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Hepatitis B virus reactivation includes both exacerbation of chronic hepatitis B infection in an HBsAg-positive patient (with ≥2 log~10~ rise in HBV DNA level) and true reactivation of resolved hepatitis B infection, which can either be reverse HBsAg seroconversion (reappearance of HBsAg) or detection of HBV DNA with negative HBsAg. These virological events are often followed by a reactivation-related hepatitis (increase in ALT or AST ≥3 x baseline). In severe cases, or where reactivation is not recognized and there is a delay in treatment, hepatitis may progress to jaundice and potentially fulminant hepatic failure. More commonly, however, HBV DNA falls again either due to immune control or antiviral therapy, and the patient recovers.^[@b10-1040435]^

Studies of HBV reactivation during chemotherapy for lymphoma have demonstrated that viral reactivation itself can occur at any time during or after immunosuppression, but the hepatitis and clinical manifestations related to reactivation typically occur after treatment has ended when immune reconstitution takes place.^[@b11-1040435]^ In B-cell depletive therapies, such as rituximab, risk of reactivation is protracted, with cases reported up to two years after the last dose.^[@b12-1040435]^ Furthermore, HBV reactivation after hematopoietic stem cell transplantation (HSCT) may occur several years after transplantation because of the potential long delay in immune reconstitution.^[@b13-1040435]^ Therefore, reactivation may be ongoing over an extended period of time before therapy can be implemented, and requires long-term follow up and surveillance.

Risk factors
============

Factors pertaining to the host, the virus, the immunosuppressive regimen, and the underlying disease itself can all impact on the risk of HBV reactivation. Male sex and older age (≥50 years) have been associated with increased risk. One study of more than 600 HBsAg-positive patients receiving chemotherapy for a range of cancers showed an almost 3-fold increased incidence in men, although the reason for this was not clear.^[@b14-1040435]^ Older patients are more likely to have HBsAg seroclearance but persistent levels of total HBV DNA and cccDNA in the liver, hence increasing the risk of reactivation.^[@b15-1040435]^ Viral factors associated with reactivation have been shown to include HBsAg positivity, HBeAg positivity, and elevated HBV DNA levels prior to commencing immunosuppressive therapy, all of which reflect a state of poor HBV-specific immune control prior to immunosuppression.^[@b16-1040435],[@b17-1040435]^ Conversely, possessing anti-HBs antibodies has been suggested to be protective against reactivation, although it has not been determined whether the specific titer has any effect.^[@b18-1040435]^ More recently, co-infection of HBV with other viruses such as HIV and hepatitis C virus (HCV) has been highlighted as a risk factor for reactivation even without the influence of immunosuppression. Treatment of HBV/HCV co-infected individuals with direct acting antivirals against HCV can result in HBV reactivation, although the clinical significance of this may be minimal.^[@b19-1040435],[@b20-1040435]^ The mechanism of this observation is thought to be either a direct inhibitory effect of HCV replication on HBV or that immune responses against HCV also suppress HBV replication.^[@b21-1040435]^

The risk of HBV reactivation may be determined in part by the underlying disease, although studies comparing similar treatments in different hematologic diseases are lacking. Lymphoma has been the most common underlying condition in reports of reactivation; whether this is a reflection of the disease itself or the treatments given is not clear. An association between chronic HBV infection and non-Hodgkin lymphoma (NHL) has long been postulated and several studies have accumulated evidence to support this; a meta-analysis of more than 3000 patients with NHL and over 1 million controls showed an overall odds ratio of 2.56 for detecting HBsAg positivity in patients with NHL.^[@b22-1040435]^ A higher prevalence of anti-HBc positivity alone in NHL patients has also been demonstrated. Possible mechanisms to explain the association include direct HBV infection of lymphocytes, and chronic antigenic stimulation and associated B-cell proliferation.^[@b23-1040435],[@b24-1040435]^

Finally, the immunosuppression regimen itself is of great importance in the risk of reactivation, and numerous studies have attempted to stratify this risk.^[@b25-1040435]^ High risk is considered to be greater than 10%, moderate between 1-10%, and low risk less than 1%; the degree of risk has implications on management ([Table 2](#t2-1040435){ref-type="table"}). Low-risk regimens are limited to traditional immunosuppressive agents such as azathioprine and oral low-dose methotrexate without combination steroids, short-term low-dose steroids (≤20 mg/day prednisolone or equivalent for ≤7 days), and intra-articular steroids. The specific treatments relevant to hematologic disorders will be discussed in more detail below.
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Risk groups in terms of immunosuppressive regimen and the recommended management to prevent hepatitis B virus (HBV) reactivation.
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Specific immunosuppressive treatments
=====================================

Systemic cancer chemotherapy
----------------------------

The earliest studies of HBV reactivation were in the context of systemic chemotherapy for breast cancer and lymphoma. The greatest rates of reactivation were found in patients with lymphoma, likely due to the potency of immunosuppression offered by the chemotherapy regimens, as well as the immunosuppressive effect of the underlying disease. In one prospective study of patients treated for lymphoma with a variety of chemotherapy regimens, mostly based on CHOP (cyclophosphamide, doxorubicin, vincristine, prednisolone), the rate of hepatitis attributed to HBV reactivation was 48% in HBsAg-positive patients (13 out of 27) and 4% in patients positive for anti-HBc and/or anti-HBs (2 out of 51 patients).^[@b11-1040435]^ A similar study of patients receiving chemotherapy for other solid tumors found HBV reactivation in 15 out of 78 HBsAg-positive patients.^[@b14-1040435]^ In a large meta-analysis, the risk of HBV reactivation was found to be highest with anthracycline-derived chemotherapy such as doxorubicin and epirubicin.^[@b26-1040435]^

Corticosteroids
---------------

The negative effect of corticosteroids on HBV infection has long been documented, with early studies from the 1980s that aimed to investigate a therapeutic role for prednisolone instead showing a hastened biochemical deterioration and increased complications, including death.^[@b27-1040435]^ The mechanism is potentially 2-fold: firstly, the HBV genome contains a glucocorticoid-responsive transcription regulatory element which is up-regulated by corticosteroids resulting in increased viral replication, and secondly, a directly suppressive effect on cytotoxic T cells which are involved in HBV control.^[@b28-1040435]^ Reactivation has been reported with steroid monotherapy, with one meta-analysis concluding the risk to be at least 10% in HBsAg-positive patients receiving continuous systemic treatment for four weeks or more.^[@b25-1040435]^ It also concluded that doses of ≥20 mg daily of prednisolone or equivalent represented a high risk. In patients with hemato-oncological disorders, corticosteroids are often used in conjunction with other chemotherapy agents, where they have been shown to have an additive deleterious effect. In one randomized study, 50 HBsAg positive patients received the same chemotherapy regimens for NHL either with or without corticosteroids; the incidence of reactivation in the corticosteroid group was significantly higher (18 out of 25 *vs*. 9 out of 25, respectively), with also a higher incidence of clinically significant hepatitis.^[@b29-1040435]^

Anti-CD20-directed monoclonal antibodies
----------------------------------------

This class of drugs is well-reported for causing severe HBV reactivation, with several published cases of fatal fulminant hepatic failure.^[@b30-1040435]--[@b34-1040435]^ These reports and a formal evaluation of the post-marketing data from the US Food and Drug Administration (FDA) adverse events reporting system resulted in a warning on the packaging of all monoclonal antibodies against CD20 regarding the risk of HBV reactivation. Rituximab, ofatumumab and obinutuzumab are currently licensed and predominantly used to treat B-cell malignancies. The risk of reactivation is highest for HBsAg-positive patients, and it has even been suggested that almost all will develop reactivation at some point.^[@b25-1040435]^ Patients with resolved HBV infection are also likely to be at high risk. In one large analysis of 326 anti-HBc positive patients receiving rituximab or obinutuzumab as part of chemotherapy for NHL, 27 patients (8.2%) in total had HBV reactivation; of these, 17 had received obinutuzumab and 10 rituximab.^[@b35-1040435]^ The mechanism of action of these drugs in causing depletion of circulating B cells and partial depletion in the lymphatic system and bone marrow explains the strong association with HBV reactivation: a fall in anti-HBs antibody titers has been demonstrated in patients undergoing rituximab therapy, with reactivation seen most in those with complete loss of anti-HBs.^[@b36-1040435]^ A large meta-analysis of over 800 patients with resolved HBV infection receiving rituximab also demonstrated a protective effect of possessing anti-HBs, with 14% of those who were only anti-HBc positive developing reactivation compared with 5% of those also positive for anti-HBs.^[@b18-1040435]^ The risk of reactivation associated with this class of drugs also potentially persists for longer than with other therapies. Reactivation events have been reported up to two years after the last dose of rituximab; one prospective study of 63 anti-HBc positive patients with lymphoma reported a cumulative rate of HBV reactivation of 41.5% over two years, with a median time to reactivation of 23 weeks, but a range of up to 100 weeks.^[@b12-1040435]^ Again, in this study, possession of anti-HBs antibodies was protective against reactivation, with the 2-year cumulative rate of reactivation being significantly higher in those negative for anti-HBs. The wide range and potential delay in presentation of reactivation mirrors the scenario of a hepatic flare after rituximab treatment of HCV-related lymphomas, and possibly relates to variation in the strength of immune control of HBV in different individuals.^[@b37-1040435]^

Monoclonal antibodies directed against other immune cell targets have also been associated with reactivation. Alemtuzumab, a monoclonal antibody against CD52 used for refractory chronic lymphocytic leukemia (CLL) and in HSCT conditioning regimens, has been reported to cause reverse HBsAg seroconversion and significant reactivation-related hepatitis.^[@b38-1040435],[@b39-1040435]^ Furthermore, as newer agents are developed, emerging cases of HBV reactivation are also being reported, including fatalities: mogamulizumab, a treatment for T-cell lymphoma, and brentuximab vedotin, used in the treatment of refractory or relapsed Hodgkin lymphoma, are two recent examples.^[@b40-1040435]--[@b42-1040435]^ Daratumumab, a monoclonal antibody against CD38 which is over-expressed in B-cell hematologic malignancies, also has the potential for reactivation given its mechanism of action, but so far no reports have emerged.

Hematopoietic stem cell transplantation
---------------------------------------

Hepatitis B virus reactivation in the context of allogeneic HSCT is well-recognized and represents a high risk, ranging from 40% over two years in patients with resolved infection to 70-86% over five years in HBsAg-positive recipients.^[@b43-1040435],[@b44-1040435]^ Risk factors are similar to those for reactivation in general, including older age (≥50 years) and detectable HBV DNA prior to transplant.^[@b45-1040435],[@b46-1040435]^ Development of graft-*versus*-host disease (GvHD) also significantly increases the risk of HBV reactivation, with one study of 85 anti-HBc positive recipients of allogeneic HSCT showing a cumulative rate at two years of 79.5% compared with 21%.^[@b44-1040435]^ This increased risk is likely associated with the fact that patients with GvHD receive more immunosuppression therapy, and experience a delay in reconstitution of the immune system for up to 12-18 months.^[@b47-1040435]^ HBV reactivation after autologous HSCT is also recognized, although data are more limited. In one study of 32 HBsAg-positive patients with NHL undergoing high-dose chemotherapy and autologous HSCT, the incidence of hepatitis due to HBV reactivation was 50%.^[@b48-1040435]^ In anti-HBc positive patients, the risk is predictably lower; one study found reactivation in 7 out of 107 (6.5%) patients.^[@b49-1040435]^

In considering HBV reactivation post HSCT, the HBV status of the donor has been shown to have significant impact. It is known that, in allogeneic HSCT, donor vaccination can result in transfer of immunity against a range of infectious antigens, including hepatitis B.^[@b50-1040435],[@b51-1040435]^ More recently, it has been demonstrated that recipients of HSCT who have chronic or resolved HBV infection can also benefit from donors who have been vaccinated against HBV with a strong anti-HBs response. In one series, 3 HBsAg-positive patients received allogeneic HSCT from vaccinated donors with a high anti-HBs titer. All 3 recipients became HBsAg-negative post transplant and developed a strong humoral HBV-specific response with high titers of anti-HBs antibody as well as detectable T-cell immunity.^[@b43-1040435]^ In 2 of the recipients, the underlying hematologic malignancy subsequently relapsed, and in each case, anti-HBs levels declined and the patients again became HBsAg positive with detectable HBV DNA. This demonstrates a unique situation where the risk of HBV reactivation may be modified not only by management of the recipient, but also by careful donor selection.

Other novel agents
------------------

With the rapid expansion of treatment options for conditions such as multiple myeloma and CLL, there are novel therapies that are worthy of attention as potential causes of HBV reactivation, although evidence is limited to individual reports. Tyrosine kinase inhibitors such as imatinib and nilotinib are thought to be associated with a moderate risk of HBV reactivation.^[@b52-1040435]--[@b55-1040435]^ As tyrosine kinase receptor-mediated signaling pathways are involved in immune activation and proliferation of lymphocytes, it is not unexpected that therapeutic blockade of these pathways may suppress immune control of HBV and result in reactivation. The newer agents ibrutinib (a Bruton tyrosine kinase inhibitor) and idelalisib (a PI3K tyrosine kinase inhibitor) are both B-cell receptor signaling modulators used for the treatment of CLL and certain NHLs. Both have been associated with cases of HBV reactivation; a recent recommendation has been issued by manufacturers of ibrutinib acknowledging the risk of HBV reactivation and advising serological testing for HBV prior to starting treatment.^[@b56-1040435]^

Bortezomib, a proteasome inhibitor that has revolutionized the medical management of multiple myeloma, and ruxolitinib, an inhibitor of Janus-activated kinases (JAK) used for treatment of myelofibrosis have both been associated with reported cases of HBV reactivation.^[@b57-1040435]--[@b59-1040435]^ Bortezomib therapy is often given prior to autologous HSCT, and along with the immune dysfunction associated with multiple myeloma itself, it is difficult to isolate the specific risk attributable to bortezomib alone. Nonetheless, reactivation has been reported both in HBsAg-positive and anti-HBc positive patients.^[@b57-1040435]^

Immune checkpoint inhibitors as a group of drugs are increasingly used in the treatment of various non-hematologic cancers such as melanoma, renal cell carcinoma and hepatocellular carcinoma.^[@b60-1040435]^ Their role in treating hematologic malignancies such as Hodgkin lymphoma is also evolving. Their mechanism of action in overcoming T-cell dysfunction results in an association with immune-related side effects; hepatotoxicity is not uncommon and usually relates to an autoimmune-type hepatitis.^[@b61-1040435]^ Hepatitis related to exacerbation of HBV infection has also been reported in patients who were subsequently found to be HBsAg positive.^[@b62-1040435],[@b63-1040435]^ The risk of reactivation in those who are only anti-HBc positive is thought to be low.^[@b9-1040435]^ Interestingly, checkpoint inhibitors are also being investigated in the treatment of chronic hepatitis B by potentially overcoming the T-cell exhaustion that is observed.^[@b64-1040435]^
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Venetoclax, a small molecule inhibitor of BCL-2 which is over-expressed in malignant B cells, is used in refractory cases of CLL. No specific cases of HBV reactivation have been reported, but as venetoclax decreases total white cell counts and can cause lymphopenia in addition to neutropenia, it may be capable of inducing reactivation. Similarly, azacitidine and decitabine are hypomethylating agents which have been increasingly used to treat acute myeloid leukemia (AML), especially in the elderly. Their potential to cause myelosuppression raises the potential risk of reactivation, but as yet no reports have emerged. With all these novel agents, reports or series of their use and safety in patients with chronic or resolved hepatitis B are warranted.

Management of hepatitis B virus reactivation
============================================

Screening
---------

Ideal management and prevention of HBV reactivation includes both stringent identification of at risk patients prior to initiation of any immunosuppressive therapy, and appropriate consideration of prophylactic antiviral treat ment. As the majority of people with chronic or past HBV are not aware of their infection, it has been strongly recommended by several international societies and guidelines that all patients should be screened for HBV prior to commencing any immunosuppressive therapy.^[@b4-1040435],[@b9-1040435],[@b25-1040435],[@b65-1040435]^ Given the significant risk of reactivation associated with resolved HBV infection and certain regimens, this should include testing for both HBsAg and anti-HBc antibody. Testing for anti-HBs antibodies may also be beneficial, as those without anti-HBs are considered to be at even higher risk. However, at the moment, no recommendations have been made concerning stratifying management according to anti-HBs presence or titer.

If during screening a new HBsAg-positive patient is identified, he or she should be referred to an appropriate specialist hepatitis service to undergo full assessment, regardless of the plans for immunosuppression. Assessment will focus on defining the phase of HBV infection ([Table 1](#t1-1040435){ref-type="table"}), differentiating between chronic HBV infection and chronic hepatitis, and staging the liver disease with a combination of imaging, liver biopsy, and/or noninvasive methods such as transient elastography (FibroScan). Patients positive for anti-HBc antibody may also require assessment, as they may still present with advanced liver disease, even in the absence of active HBV viremia. In rare cases, anti-HBc positivity may also represent true occult HBV infection, where the patient is HBsAg-negative but has positive serum HBV DNA. This can be due to virus mutations in surface antigen rendering it undetectable with standard HBsAg assays or, more commonly, strongly suppressed but active viral replication.^[@b66-1040435]^ Such patients are managed the same as those who are HBsAg-positive.

Treatment
---------

Treatment of HBV reactivation can either be prophylactic or pre-emptive; the former approach offers antiviral treatment to all patients considered at moderate or high risk prior to commencing immunosuppression, whereas the latter involves regular monitoring of ALT, HBsAg, and HBV DNA during treatment, with antiviral therapy started when HBV DNA and/or ALT levels rise.^[@b9-1040435]^ Studies have compared the two strategies and found prophylactic treatment to be more effective in preventing reactivation.^[@b67-1040435]--[@b69-1040435]^ One study comparing prophylactic *versus* pre-emptive antiviral therapy in HBsAg-positive patients undergoing chemotherapy for NHL found significantly lower rates of reactivation and hepatitis in the prophylactic group (11.5% *vs*. 56%; *P*=0.001).^[@b69-1040435]^ Similarly, a study of 80 anti-HBc positive patients treated with rituximab for lymphoma also demonstrated that prophylactic antiviral therapy resulted in lower rates of reactivation (4.3% *vs*. 23.9% at 18 months after chemotherapy; *P*=0.019).^[@b68-1040435]^ In considering who requires prophylactic antiviral treatment, one needs to assess the risk of reactivation, as discussed earlier, both in terms of the individual patient and the immunosuppressive therapy being considered ([Table 2](#t2-1040435){ref-type="table"}).

### HBsAg-positive patients

Following referral to a specialist service, these patients should receive nucleoside / nucleotide analog antiviral therapy prior to commencement of immunosuppression.^[@b4-1040435]^ This will either be active treatment in those with chronic HBV hepatitis who would require antiviral therapy in any event, or prophylaxis in those with chronic infection without hepatitis. HBV DNA and ALT should be monitored every three months throughout immunosuppression. For patients with chronic HBV infection without hepatitis, if the underlying infection remains stable following completion of immunosuppression then it may be appropriate to stop prophylactic antiviral therapy (see below: Duration of therapy). HBsAg-positive patients may also require surveillance for hepatocellular carcinoma, which would be undertaken as part of a specialist review.

### Anti-HBc positive patients

The risk of reactivation in this group of patients varies and management depends mostly on the immunosuppression regimen proposed. Antiviral prophylaxis is strongly recommended in all patients receiving high-risk (\>10%) regimens such as rituximab or HSCT. Those receiving low-risk (\<1%) regimens, such as short course low-dose corticosteroids, do not require prophylaxis and can be monitored with regular ALT, HBsAg, and HBV DNA testing. There is some debate regarding those in the intermediate category of moderate risk (1-10%), with some recommending prophylaxis^[@b25-1040435]^ and others recommending monitoring and a pre-emptive approach.^[@b4-1040435]^ Patients in this group may require an individualized evaluation and consideration of other factors, such as co-morbidities and the likely duration of immunosuppression required.

For HBsAg-positive patients requiring active or prophylactic antiviral treatment, third-generation nucleoside / nucleotide analogs such as tenofovir disoproxil fumarate (TDF) and entecavir are generally recommended.^[@b4-1040435]^ Until recently, the recommendation for anti-HBc positive patients has been to use lamivudine for prophylaxis. Large meta-analyses have demonstrated the efficacy of lamivudine in significantly reducing the rate of reactivation and related mortality in the setting of systemic chemotherapy.^[@b70-1040435],[@b71-1040435]^ However, lamivudine is associated with drug-resistant HBV mutants due to its relatively inferior antiviral potency, and rates of lamivudine resistance have been shown to be as high as 56% after two years of treatment.^[@b72-1040435]^ Given that some of the immunosuppressive treatments discussed above may continue for more than one year or be given in repeated courses, prolonged antiviral prophylaxis and resistance may be a significant issue. Therefore, there has been a shift in recommendation towards use of TDF or entecavir for prophylaxis in anti-HBc positive patients if immunosuppression is likely to be prolonged or with very high-risk regimens. The efficacy of entecavir in prophylaxis against HBV reactivation has been demonstrated in large comparator studies with lamivudine, whereas the data for TDF are more limited.^[@b73-1040435],[@b74-1040435]^ One study of HBsAg-positive patients receiving rituximab-based therapy for diffuse large B-cell lymphoma showed significantly lower rates of HBV reactivation in those treated with entecavir (6.6% *vs*. 30%), as well as lower rates of chemotherapy disruption. Therefore, current recommendations suggest lamivudine should only be considered for anti-HBc positive patients requiring short duration (\< 12 months) prophylaxis in the setting of moderate- or low-risk immunosuppression.

Safety
------

Extensive data regarding long-term TDF and entecavir use in terms of efficacy and safety have been reported in the setting of management of chronic HBV infection. The main concerns surrounding long-term TDF use are renal toxicity with reduction in glomerular filtration rate, and bone toxicity with a decline in bone mineral density.^[@b75-1040435]^ These are potentially of additional concern in patients with hematologic disorders, and long-term safety data specifically in such patients are lacking. As for any patient on TDF, close monitoring of renal function with measurement of estimated glomerular filtration rate and serum phosphate is recommended. Recently, tenofovir alafenamide (TAF), a prodrug that results in lower circulating plasma levels of tenofovir, has been licensed for use in chronic HBV infection in patients with TDF-related toxicity and/or renal co-morbidities. Results at 96 weeks of a randomized, double blind study have demonstrated non-inferiority compared with TDF in terms of antiviral potency with an improved safety profile.^[@b76-1040435]--[@b78-1040435]^ In patients with existing renal/bone disease, or in whom the potential toxicity associated with TDF is unacceptable, entecavir or TAF are good alternatives.^[@b4-1040435]^

Duration of therapy
-------------------

For patients with chronic HBV-related hepatitis, antiviral therapy with nucleoside / nucleotide analogs is long-term. In patients for whom antiviral therapy was started for prophylaxis alone, the evidence to support recommendations on the total duration required is not robust and such recommendations are based on cases of when reactivation has occurred.^[@b25-1040435]^ Antiviral prophylaxis for a minimum of six months after completion of chemotherapy or immunosuppression is recommended; in the case of rituximab and B-cell depleting therapies, as reactivation has been reported later, the recommendation is for prophylaxis to continue for a minimum of 12 months. The situation following HSCT is more complex and depends on occurrence of complications such as GvHD, and the viral status of the recipient and donor. Decisions to stop prophylaxis will likely need to be made on an individual basis, aided by regular monitoring of viral markers, including anti-HBs antibody titers. For all patients, monitoring including ALT, HBsAg and HBV DNA should continue for at least six months after prophylaxis has been stopped, as cases of reactivation after stopping antiviral treatment have been reported.^[@b79-1040435]^

Hepatitis B virus vaccination
-----------------------------

Given the importance of anti-HBs in potentially reducing the risk of HBV reactivation, the role of HBV vaccination has been investigated, specifically in the setting of HSCT.^[@b80-1040435],[@b81-1040435]^ In one study of 46 patients with past HBV infection undergoing HSCT, 21 patients received a standard 3-dose regimen of HBV vaccine post transplant. None of these patients developed HBV reverse seroconversion compared with 12 out of 25 patients in the non-vaccine group (*P*=0.0003), even after a median follow up of 67 months. Further studies are required, but vaccination, in its simplicity, presents an attractive strategy to manage reactivation.

Conclusion
==========

Hepatitis B virus reactivation is not uncommon in patients with hematologic disorders and malignancies, and ongoing reports of significant morbidity, or even fatalities, make this an important topic to understand and manage appropriately. Given the efficacy of antiviral prophylaxis, the key to preventing reactivation is identifying patients at risk. All patients need to be screened for HBV, including HBsAg and anti-HBc antibody, before any immunosuppressive therapy is initiated. Furthermore, it is important to assess and understand the risk posed by individual treatment regimens in order to determine the need for antiviral prophylaxis and the duration of treatment. For those patients identified as requiring antiviral treatment or prophylaxis, a shift towards newer nucleoside / nucleotide analogs tenofovir and entecavir is recommended, especially in high-risk and prolonged regimens. Areas worthy of future research include identifying more sensitive ways of stratifying risk, especially for the large number of patients with resolved HBV infection; these may be serological viral markers that better reflect the burden of latent forms of HBV DNA in the liver and their transcriptional activity, or, indeed, immune markers that indicate the strength or type of immune control and whether they are likely to be affected by immunosuppression. Better risk stratification may allow us to be more selective about who requires prophylaxis, but until then, a low threshold approach is required to prevent the significant morbidity and mortality associated with reactivation.
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